In some cases patients with Type 2 (non-insulindependent) diabetes mellitus fail to respond to treatment with oral hypoglycaemic agents. These patients may respond in the same way as Type 1 (insulin-dependent) diabetic patients. Cellular immune aggression (defined as the capacity of peripheral mononuclear cells to inhibit stimulated insulin secretion by dispersed rat islet cells), insulin autoantibodies, C-peptide response and HLA antigens were determined in 31 Type 2 diabetic patients with secondary failure to oral hypoglycaemic agents and in 22 control subjects. Nine (29.03 %) of the 31 Type 2 diabetic patients showed positive cellular immune aggression (2 SD below control group) and 22 (70.97 %) presented no cellular immune aggression. There was a relationship between positive cellular immune aggression and each of the following parameters: age, body mass index and microangiopathy. No correlation was found between positive cellular immune aggression and glycaemia, HbA1, blood lipids or atherosclerosis. Patients with positive cellular immune aggression showed a significantly lower glucagon-stimulated C-peptide response vs those with no cellular immune aggression. Within a sub-group of patients who had never been treated with insulin, insulin autoantibodies were present in four of six patients with positive cellular immune aggression. DR2 antigen was found with decreased frequency in patients whereas no DR3/DR4 heterozygotes were observed. Our data support the hypothesis that a group of Type 2 diabetic patients with secondary failure to oral hypoglycaemic agents presented autoimmunity towards pancreatic Beta ceils.
Summary.
In some cases patients with Type 2 (non-insulindependent) diabetes mellitus fail to respond to treatment with oral hypoglycaemic agents. These patients may respond in the same way as Type 1 (insulin-dependent) diabetic patients. Cellular immune aggression (defined as the capacity of peripheral mononuclear cells to inhibit stimulated insulin secretion by dispersed rat islet cells), insulin autoantibodies, C-peptide response and HLA antigens were determined in 31 Type 2 diabetic patients with secondary failure to oral hypoglycaemic agents and in 22 control subjects. Nine (29. 03 %) of the 31 Type 2 diabetic patients showed positive cellular immune aggression (2 SD below control group) and 22 (70.97 %) presented no cellular immune aggression. There was a relationship between positive cellular immune aggression and each of the following parameters: age, body mass index and microangiopathy. No correlation was found between positive cellular immune aggression and glycaemia, HbA1, blood lipids or atherosclerosis. Patients with positive cellular immune aggression showed a significantly lower glucagon-stimulated C-peptide response vs those with no cellular immune aggression. Within a sub-group of patients who had never been treated with insulin, insulin autoantibodies were present in four of six patients with positive cellular immune aggression. DR2 antigen was found with decreased frequency in patients whereas no DR3/DR4 heterozygotes were observed. Our data support the hypothesis that a group of Type 2 diabetic patients with secondary failure to oral hypoglycaemic agents presented autoimmunity towards pancreatic Beta ceils.
In some cases patients with Type 2 (non-insulin-dependent) diabetes mellitus fail to respond to treatment with oral hypoglycaemic agents (OHA) [1] . Such cases comprise a heterogeneous group of individuals as regards potential physiopathological mechanisms [2] .
In certain patients with secondary failure to OHA, a decrease in insulin secretion has been detected [3, 4] , as well as islet cell antibodies and certain HLA-DR antigens [5, 6] . Such patients may have late-onset Type i (insulindependent) diabetes since they display a response similar to younger Type 1 diabetic patients [7] [8] [9] .
However, whether similar genetic, immunological and functional markers indicating an impairment in Beta-cell function are also present in Type 2 subjects with secondary failure to OHA is still an open question. The present report provides information on the effect of peripheral mononuclear cells (MNC) on pancreatic Beta-cell insulin response as a measurement of cellular immune aggression (CIA), on insulin autoantibodies (IAA), on C-peptide response and on HLA antigen in 31 Type 2 patients who failed to respond to treatment with OHA.
Subjects and methods

Patient population
Thirty-one Latin American Caucasoid Type 2 diabetic patients who had failed to respond to OHA, comprising 18 males and 13 females, were studied (Group 1). Inclusion criteria were good metabolic control prior to entry by means of diet, physical exercise and OHA treatment for at least 2 years, defined by fasting blood glucose below 7.7 mmol/1 and post-prandiaI glucose below tl retool/l; poor metabolic disease control during the study period even with the maximum OHA doses; and absence of stress, as defined below, on hyperglycaemic drug therapy and fulfilling diet requirements.
Patients presenting with renal, cardiac or hepatic insufficiency, severe ischaemic episodes, lower limb gangrene or cronic infection were excluded from the study.
Mean age + SD was 54.77 + 12.58 years (range 30-73 years) and mean disease duration 9.77 + 8.25 years.
Clinical records for each patient listed: a) usual dietary schedule; b) hypoglycaemic treatment and possible hyperglycaemic drugs; c) absence or presence of stress, due to infection, trauma, vascular accident, or other causes; d) evaluation of nutritional status by body mass index; e)routine laboratory tests including blood count, erythrocyte sedimentation rate, urea, uric acid, total cholesterol, triglycerides, HDL cholesterol and LDL cholesterol; f)diabetes control, by glycosuria in 24-h urine collection, pre-breakfast and post-prandial glycaemia, blood and urine glucose self-monitoring, fructosamine and HbA1; g)evaluation of complications, due to microangiopathy, atherosclerosis, at cardiac or lower limb level; and h) no associated autoimmune disease.
Clinical features and laboratory findings are listed in Table 1 .
Control and reference groups
One group of control subjects and two reference groups were employed: Group 2: a healthy control group (22 subjects, 12males and 10 females, age range 24 to 60 years) free of endocrine or autoimmune disease and with no family history of diabetes.
Group 3: Type 2 diabetic reference group (six Type 2 diabetic patients, four male and two female, age range 42 to 58 years) with good response to OHA.
Group 4: Type i diabetic reference group (nine children, four male and five female, age range 5 to 16 years) prior to insulin therapy or being treated for up to 3 months, in whom CIA was evaluated for purposes of comparison with the patient population.
Informed consent was given by all subjects in the study. The Ethical Committee of the Hospital de Clinicas and Hospital de Nifios, Buenos Aires, Argentina, approved the development of the protocol.
C-peptide dosage
Beta-cell reserve was measured by C-peptide dosage, as determined by a double antibody technique (Diagnostic Corporation, Los Angeles, Calif., USA) performed in serum collected from patients after an overnight fast and 6 min after a i mg intravenous glucagon injection.
Cellular immune aggression ( CIA )
MNC were processed immediately after blood collection from all subjects, obtaining an MNC-rich preparation from a 15-ml sample by means of Ficoll-Hypaque gradient. Cells were washed twice with Hanks' buffer and suspended in Minimal Essential Medium (MEM; Gibco, Paisley, UK, modified as described below to reach a final 4 x 106 MNC/ml concentration.
Islets of Langerhans were obtained from collagenase-treated (Serva, Feinbiochem, Heidelberg, FRG) adult Wistar rat pancreas (CNEA, Buenos Aires, Argentina) by the method of Lacy and Kostianovsky [10] . To obtain islet-cell suspensions, freshly isolated islets were subjected to EDTA and trypsin (Sigma, St. Louis, Mo., USA) as described by Ono et al. [11] . Islet cells were suspended in basal MEM with Eagle salts supplemented with t0 % fetal calf serum, 2 mmol/1 glutamine, 1 mmol/1 sodium pyruvate, 0.814 mg/1 non-essential amino acids (Gibco) and 100 gU penicillin.
Cell viability was estimated by the trypan blue exclusion test and only suspensions having at least 90 % viable cells were employed.
Islet-cell stimulation [12] was performed as follows. The isletcell suspension was placed in 96-well Falcon microtest plates (Becton Dickinson, Oxnard, Calif., USA) 5 x 103 cells per well with the addition of MNC from either control subjects or diabetic patients MNC (4 x 106 cells per well in 100 gl) or basal medium (100 gl) and incubated for 18 h (ten wells for each diabetic patient or control subject MNC preparation). At the end of this incubation, wells were carefully washed and the supernatant collected to assess prestimulatory insulin release Insulin was determined by radioimmunoassay [13] using purified rat insulin as standard (Novo Nordisk, Gentofte, Denmark), porcine ~sI-insulin as tracer (CNEA) and guinea pig anti-porcine insulin antiserum.
Insulin assay sensitivity was 0.5 gU/1; intra-assay coefficient of variation (CV) was 8.7%, 6.2% and 5.1% for 1-5, 5-10 and 10-50 gU insulin/ml determination ranges, respectively; inter-assay CV was 6.57 %, 4.96 % and 5.18 % for the given ranges, respectively.
Islet-cell function is expressed as the net insulin secretion (gU per 5000 cells) during 5-min incubation in the presence Of basal or stimulatory medium (gU. 5000 cells-i 5 min-1).
Net basal secretion is given for the same 5-min period in basal medium minus pre-stimulatory secretion, while net stimulated secretion is also given for the same 5-min period in stimulatory medium minus the pre-stimulatory secretion.
Results of CIA test (net stimulated secretion) were reproducible with a 3.93 % inter-assay and a 4.15 % intra-assay CV, both for control subjects and patients. 
Insulin antibody (IA ) and insulin autoantibody (IAA ) determination
Blood samples were collected after an overnight fast and sera stored at -20~ until assayed. Mono lzsI-(A14)-human insulin was prepared from Humulin R (Eli Lilly, Indianapolis, Ind., USA) and chromatographed through Sephadex G-25 (Pharmacia, Uppsala, Sweden) to avoid the interference of preservative substances. Labelling and purification procedures were as described by Linde et al.
[141.
Specific radioactivity of 300 gCi/gg was routinely achieved. Corrections according to tracer stability [15] were introduced for tracer fractions stored at -20~ in order to minimize inter-assay CV. Radiobinding assays were performed essentially as described by Palmer et al. [16] . Two appropriate dilutions of guinea pig anti-insulin hyperimmune serum were used in each assay as positive control (low and high standards). The mean binding value of the high standard was arbitrarily taken as 100 %. Non-specific binding was defined as tracer binding to sera from non-diabetic subjects (mean+ 3 SD; n = 30). Results from unknown sera were corrected by subtracting non-specific binding.
Intra-assay CV was 4.87 % and 15.89 % for high and low standards, respectively (n = 30), while corresponding values for interassay CV were 4.87 % and 14.80 %, respectively (n = 12).
IA and IAA were scored as positive when bound tracer percentage exceeded the mean + 3 SD of sera from healthy control subjects analysed during the same assay.
Lymphocyte isolation and typing
Blood samples were collected from 25 patients and 144 normal control subjects, all belonging to a homogeneous Argentinian population of Latin American Caucasoids. HLA were typed using the same set of sera.
Lymphocytes were isolated from peripheral blood by density gradient centrifugation on Ficoll-Hypaque. HLA A, B and C antigens were determined using the two-stage microlymphocyte-cytotoxicity assay [17] .
HLA DR and DQ antigen typing was performed by the two-colour fluorescence test [18] . Sera from the Fifth Latin American Histocompatibility Workshop were used, as well as local sera and sera obtained by exchange with international laboratories.
Statistical analysis
Data were processed by the two-tailed Student% t-test for unpaired samples and by the one-way ANOVA and Scheffe's test [19] .
Results
Cellular immune aggression (CIA)
In the presence of control MNC, net basal and net stimulated insulin release were 5.01 + 1.10 and 29.63 + 1.53 gU insulin, cells-1.5 min-1, respectively (Table 2) . Net basal and net stimulated insulin secretion in the presence of (Fig. 1, Table 2) ; and Group 1.B, 9 patients (29.03 %) presenting values at least 2 SD below control levels, regarded as CIA-positive (Fig. 1, Table 2 ).
In the presence of MNC from the Type 1 diabetic patient reference group (Group 4) ( Fig. l; Table 2 ), the amount of insulin secreted remained 2 SD below control values (CIA-positive).
CIA in relation to biological variables
Sex: there were no significant inter-group differences.
Age: mean age of CIA-positive patients was 47.88 + 15.60 years vs 57.80 + 10.10 years in CIA-negative patients (p < 0.01).
Duration of diabetes:
in CIA-positive patients mean disease duration was 9.60 + 8.21 years vs 12.12 + 9.03 years in CIA-negative patients.
BMI: patients with positive CIA had lower BMI (21.72 + 1.84 kg/m2;p < 0.05) when compared to group 1.A.
Glycaemia, HbA1 and blood lipids: there were no significant differences in CIA-positive and negative subjects.
CIA in relation to diabetic complications
The study showed that CIA-negative patients had more complications vs CIA-positive patients (59.83% vs 36.36 % ;p < 0.05). When complications were divided into two groups, atherosclerotic and microangiopathic, it was found that CIA-negative diabetic patients were more A. V. Zavala et al.: Autoimmunity in Type 2 diabetic patients prone to atherosclerotic complications, whereas CIApositive patients had more microangiopathic complications, similar to those observed in Type i diabetes. 
CIA in relation to pancreatic Beta-cell reserve
Insulin antibody-insulin autoantibody levels (IA-IAA )
Ten of the 31 patients (32 % ) exhibited binding exceeding the conventional positivity limit (presence of IAA or IA, or both), but only three corresponded to patients with no prior insulin injection (presence of IAA); although sera from patients numbers 3 and 8 strictly belonged to the subgroup of patients treated at least once with insulin, they showed a relatively high level of specific antibodies (Table 1) . Given the brief therapy period (20 and 3 days, respectively), significant IA levels were considered unlikely. Therefore, we tentatively placed these two serum samples together with the group of three sera from patients with no previous insulin treatment (presence of IAA). None of the Type 2 diabetic control patients exhibited binding exceeding the conventional positivity limit.
Potential IAA-CIA correlation was tested: firstly, regarding the IAA-positive patients as a single group; although IAA levels were assayed in all 31patients (Table 1) , 22 (including patients 3 and 8 as stated above) had no prior insulin treatment. In this subgroup, 4 of 22 were IAA-and CIA-positive; one was IAA-positive and CIA-negative; 2 were IAA-negative and CIA-positive; and the remaining 15 proved negative to both tests. Secondly, regarding IAA positivity within the group of CIApositive patients: 6 of 9 ( Fig. 1, Group 1.B) had no prior insulin treatment; 4 were IAA-and CIA-positive; and 2 were IAA-negative and CIA-positive. Patient 2, initially IAA-positive and CIA-negative (Fig.l, sample 1) , showed both IAA and CIA positivity in two consecutive determinations carried out in samples obtained 10 and 18 months after the initial sample was taken (Fig. 1 , samples 2 and 3, respectively).
HLA antigen typing
Comparing the frequency of HLA A, B and C loci in diabetic patients with those of normal control subjects, only HLA-B7 was found to be decreased (4.0 % in patients vs 12.0 % in normal control subjects), but the difference failed to reach statistical significance.
HLA class II antigen frequency is shown in Table 3 . At the DR locus, HLA-DR7 occurred more frequently in patients vs normal control subjects, but again the difference was non-significant. HLA-DR2 antigen was observed in a single patient (number 22) of the 25 studied (4.0 % in patients vs 23.0 % in normal control subjects); relative risk (RR) was 0.14, with chi square = 4.74 andp < 0.05.
Interestingly, none of the 25 patients presented the DR3/DR4 phenotype described as occurring in 52 % of Type i diabetic patients (n = 17) belonging to the same ethnic group [20] .
Discussion
We have attempted to determine whether an immune mechanism, involving the presence of immune markers, such as CIA and IAA, as well as HLA antigens and residual C-peptide Beta-cell function operates in Type 2 patients with secondary failure to OHA.
Data from our present CIA studies suggest that almost one-third (29.03 %) of Type 2 diabetic patients unresponsive to OHA are prone to develop immune aggression towards pancreatic Beta cells. Furthermore, the newly-diagnosed Type 1 diabetic patients also exhibited CIA without exception. Together with other immunological and metabolic parameters, CIA has already been used to identify individuals at high risk of developing overt Type 1 diabetes, as well as to evaluate "diabetic" MNC transfer and Beta-cell function [21, 22] . Boitard et al. [23] have shown that MNC inhibition of insufin secretion is affected by lymphocytes bearing the CD3 +, CD4 -, CD8 + phenotype, although the role of other T-cell subpopulations and stimulatory-inhibitory effects of cytokines on the Beta cell [24, 25] cannot be ruled out.
Inhibitory MNC effect, as shown by CIA study, appears specific to pancreatic Beta cells since no cytotoxicity is observed against mouse fibroblast and glucagon secretion remains unchanged during the test [12, 23] . Splenocytes from mice rendered diabetic by multiple low-dose streptozotocin treatment were found to inhibit stimulated insulin secretion from dispersed rat islet cells, but had no effect on somatostatin secretion [L. Fabiano de Bruno, unpublished observations]. Such insulin secretion inhibition is unaffected by insulin treatment, the presence of antibody, complement or aggregated IgG [12, 21, 26] .
Binding of MNC from patients with recent-onset Type i diabetes to RIN cells or islets, not observed in nondiabetic patients with other progressive organ-specific autoimmune diseases, has been reported [27] . Also, cytoadherence of "diabetic" lymphocytes increased in a highly correlated fashion in two xenogeneic species, namely rat and hamster, but failed to do so in seven noninsulin secreting cell-lines [24, 27, 28] .
Four of six of the patients with positive CIA with no previous insulin treatment also showed the presence of IAA, further indicating that autoimmune aggression is a contributory factor leading to secondary failure to OHA. However, it is noteworthy that 10 out of 31 positive IAA-IA samples included at least five sera with well-established positive IAA, whereas in the remainder the possible presence of IA induced by exogenous insulin obscured IAA marker detection.
Measurement of glucagon-stimulated C-peptide levels provides reliable information on pancreatic Beta-cell reserve [29] . The relationship between CIA and decline in Beta-cell function again stresses the role of autoimmunity in the pathogenesis of Type 2 diabetes with secondary failure to OHA.
The presence of low C-peptide and of islet-cell antibodies in adult-onset diabetes has also been regarded as marker for latent autoimmune or Type 1 diabetes, as such patients commonly require insulin therapy at a later stage [5, 81. On the whole, our present results are in agreement with previous observations by Groop et al. [7] based on the determination of islet and thyrogastric antibodies from Type 2 diabetic patients requiring insulin therapy.
Should the patients in our study actually be late-onset Type 1 diabetic patients, they would be expected to exhibit the characteristic HLA DR3/DR4 antigens [20, 30] . In this regard, Groop et al. [31] described greater DR4 frequency and a trend to increased heterozygous DR3/DR4 frequency in Type 2 diabetic patients requiring insulin therapy. However, here we found no evidence of such an HLA association and HLA-DR2 antigen frequency was lowered in our series. Given the involvement of diverse HLA class II antigens in our Type 2 diabetic patient population with secondary failure to OHA, it may be speculated that genes coding for these antigens, or susceptibility antigen-linked gene(s), differ according to the respective ethnic group.
Autoimmune responses display cellular and humoural components acting in a concerted manner. Our data indicate that both components seem to be at work in this patient population. Hence, detection of markers depicting the ongoing autoimmune process and accurate evaluation of residual Beta-cell function are useful steps before further immunomodulatory therapy can be contemplated.
To conclude, CIA, IAA and glucagon-stimulated Cpeptide screening, regarded as markers in Type 1 diabetes, also appear to be valuable tools in Type 2 diabetes.
